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THHL.L AND COST IX)Al ANALYSIS FOR ?ASSIVE i%JIAR HEATING DE SIiWi ‘

ABSTRACT

Economic -thodol~gi~6 drvelopetJ over ch~ pant sav-
cral years for Lh@ .19s LB0 of rasidmtlal solar
systma !Imre bean $auad on llfc clclc CO-L (LCIt)
minimizaclon. B@c.+ume of uncertalnt ice inmlvinR
fucura economic :nrrdltionn and chc varied decislm
maklnu procasseo of home dttelgmrm, hulldcrs, and
ovmere, LCC dcu~gn appmacheq are not ●lwmyn appro-
prlitcm To deal with some of the cormtralnce that
●nret chc ,drsl~ prmcaen, ●nd to narrow rhe numhvr
LIt Varlabims !. I : nnae :.hill Ion’ t Japend on fllture
rcnrrornl c .mOlldl L Long, I tilmrllfiad thermal and co.; r
IILIA1 ,Ippr,mcll for pansive d~cignn 1s pr~nencud,
Aric!mctl, .ind gr~pl, i,:al approached ar~ preeontcd

with.:s.~pit~sAlvmn rur I?ar!I. C~lH did~uenu,! ln-

clurfu :i lmplr payback, SOIJI }lavinR* fraction, I:ul -
lec Lion ●ru.1, maxlmm ●llrzwaljle conscrurt ton !MMIIWI,
vuriml, lu ,:IIr L Aoalti, and Btu *dviu Rs.

.,. . .-. ... .... .
●1%11. worb wdn pdr’lnrmwl ml !A:ll. In~4rII “ h~ ●IqIli: It..i

111 !hm lw~)dr~mpnl nf Kn*rnv, l) frlrm IIf Wldr ,\ppl 1-

,’Ill Iolln, “:v~i nmn Ibv=lopmmnl HlaIII”h.

. periods are dhorter, ati vLCh reml.hntial prop~rt:+,
the *olar evotem -v cluwr~m handa many cims.
Thin c~llcaLes llfe cycle Jnalyuiu becauac brf
●uch quamtlonfi as tramaction coticu, vncercmin
ranala valum” ion, ●nd clranning ounarlsvattim lntar -
acr 10IIE. An ●lrtin’iatlve approach LM ovnerehlp tv-
cke cost in~, MC. which conmlder? nLI~L!I m’ilv

throuflhout nn~ ,~unurmhlp.



ARTfG!ZTIC APPRGACH

fie a._lt~tLC apprOi; ch co thermal and cogc .qonls
~a~)gia is merely clle algebraic equivalent of what

will be shown graphically. Although accuracy lg
l-roved. the arltlmetlc approach is not as fast Ln

.Jppllcacion but la quite eamlly underscuod.

SC begin with an aquation that 1s equivalanr :n
saying ct,at the life cycle savings of a p.ess iv,:
aular addition are erpccl:? equal to zero, that ~Y:

[SSF “ P. . PWFf - CRF - LOAD - DDT 10”]

(1)
- iVC . A . P.,F9 . ,;M] - ,)

The unl KH of the two terms in hracker~ are in equlv-
almit annual S.Ivr, me :ir9c cem tcpresents annu-
alized aavinRq, the ;ec[. nd term ~nnu~l Lzed co,+tn,
MfLnitions of term !Y provi,~ed holuw:
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Sep~ratin R equation (1) :nto currfint and luture
factorr4 :

‘IL . A s 106 PUFf , CRF PWF
f (?]

p. . SSF . LOAD . DD - P!JF , CRF -m”
5 9

Equar ton (2) still repreeencs the !rreake~en L(;C
condit ion. The fora of equatlun (?) has the ad,.an-
tage that the lafc ●lde term deal~ with curren L
faccore (variable conalrucciun coacs, initial futil
cost, degree Jays, and che three components of pas-
sive ~oiar thermal performance reprasentod by tile
USL LCR Cables; SSF, A, and L:)AD). The rignt !Iand
side deale wiLh the Cut, ire r’acrors, In addlLi,ln,
tlld iefl ilde tur. 1s cqul-~alenc to tile ❑ost basi,.
definition of sfmple paybnck SPBK- first COML
dlvlded by the fir%c vear dnlldr ~avin~q.

DEFINING THE WALS

. ~lmple payb~ck

. 901.11 qavings lract.!m
- muxlmm add-on hudMet for ptissivc snlizr ,:ntI-

structitxt
. pnusive Collccllun drum
o maximum ent?rg,; budget, (u.*. , llulldin R thler Ry

PerfurmnnrP !;L~ndClrd:q)

a)

n)

,, )



1:1. From the LCR cables !I] we hirvc the following

perfcmumce relaclonship betw.en SSF and :CR.

From local data we know:

DD = 5046

Pu = 5.05/kwn = 514.FJ5i~Lu (eleccr!c reutscmcti)

a)

b)

,)

h; ,, , ,,
:il’llk =

;I,II”I “B )1) . ,h , “.; ,,”/,,,
. 1, # .;,,’, , .,

GRA.S’HICAL APPROALII

Figure 1 illust~a~es che reference grsphs for
thermal and cosc goal analysis. The fi~re is
divided into five contiguous quadrants nwmhered
I chru V. The lower left hsnd comer sthuws the
units for eac!l Ji the v,lriables.

Quadr#nr I shows the relarlonship between aver.lg..
cost, (AC), init~al fuel +rice (P(,), and simple ‘Tav -

back (SPBK). By defining two of theee variables,
the third is u-iquely detenvined. Quadrant 11
shows combtnationn or’ average coat (AC) ahd annual
heating sanson Btu sa.~ings per equare foot of pns-
sive collection area (SSF . LCR , DD s 103) that
Lmplv equivalent pawlve solal variable conscruc-
tlon c06LH (VC), Again, if two of these three
variables arc known, thv third 1s uniquely deter-
mined, Quadrant III accounts for heating degree
dava. Once degree dave arm specified a trmrsformn
tion cur he mmde betwu-n ~essuntil ~qu~ru fuut
?ner~v savings md energ} sn~”ing% per sq-~aru fO(TL
!]~r ,legr@e .Inv I!; SF . :.,:R) ,\l L!lmi*tl :heru .Iru
many .Ilgchralc comgintc:!ons of I,CR and SSF Ll,ilL
UO!I]I.I rroduct! a fliven unluu of their pruduc:, onl,+
unique cumbLntlClulltj or SJF .uld I.Ch are [ea+~biu
for a pae.~lvc &9iqrr in a particulicr uliwci.. TII ! :.
ran t,J ~een hy extsmlninu thti L\SL LLR prfqrm.ducr
tablvti. In quadrant IV, the SSF-LCR per formnrrcv
combinations can be plotted !’ur a particul~r Jrsigu
or deslunv. Thi~ 1!+ don,t l,v ,.hnl,,. in,. -l SOI.1:
savings, irar:lun vaille, gav SSF ● , ?.), an,] f!ndlnq

CIII! !.nterrmctlon of thm rorrenpon,llll~ LCR V:IIIW
(!,l’~i - f)~ fl)r ‘lllr ,lLrucL waill OXJMp Le) ,dlld !hL-

SSF = .10 rny emnnntin R frum LIM, origil]. [i tills
III I.IUUV tor 311 v,I],,,,H of S5F from .] L!! .9, ill) !
Lhv plli:lts arw ‘.,rnlleCLed, 1 reu H!hle ,:o MhLlwlL 1!. !1
c,ifve hetwenrr SSF , L(. R .Ind I,{:lf will !M* rr;l,,,l.
l’!IIw !s SIIIIWCI III !)udrcrnt “V, Final Iv, lNwrdIJIIIl V
Flllt)w,l ollv LII W,parnld I,(!R 11114) thv I,I)AD .tntl ,\
cc.mpulleut.~ , Tll 1!4 *I IILJIII III [II: fl~tormlll(n~ !IIII

lmpll~.L,4 01 v..rlt]un a,nllvrtor nrvrr hull dln~ loml
cumhill~t itlnfl tJI f *r ui, rkin~ !m(,kwnrd,q LU 1“III(I !.111-

lrctor *rvdl r)r lIII~ldlnu Iwnt lt>m* lwq!lirmm*ltt.4.

Ftlr llL\lntr:lri(ln, !he r,,~mtcrp:lrt 01 ox~mplr (t. )
III thm ar!hrnpl Il. ●pet, l,)ll 1s ~h,)wt) III Fikftlrv 1 , I’111,
numlb,. tv fn pfirtwtlwwn (] ) LIIIII /7), ,.,)rroqp,!n,l 1

tlw •eqlmhic~ iII ●t@pm wlw ,Isinti tlw trrlphlt:nl
npprtlnt,h. t11w4r Mrr d.lNl,rlh*,l in drJor bdlIIw.

(1)

f,”)
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(11
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condition falls between the uivan linan ~cer -
polacion is nwce~nmqm

Next, Jraw ● vertical line from Khe incersectlon
in QIII into QII until lt inturecccs the corracr
~L . ~15,ft~n thLti dXMMPle ~. t> the .VJLWe‘x vdu@ ,

-.

Find the Lnltial muilia~ fuml cost 011 the
P axim in QI. Draw a vartical llne ●cralgh L

up from :hmt point. Electric rabimtanre Ln
tidgu ,:icy 1s SIA.63/dtu lM showm in QI.

:raw a :Ior::ol,tal kloa fr6m chm correct W.

puint in QII (date miued in (5)) iIIco QI ma
ilnd whmro the tw linss Intersect. Thlu
final LnLerauction point decermfnes tle 91mple
pa~lra:kcondLti>n fnr the direct aaln ~eUt~

under .:ouslderutlon. SPBlf i~ showri Cl! % ,1

little blr lUWJ th~n 10 yrar% which curre~pond~
tu C!lU aritcmutic re.l. ltfi uf 9.’4 ..edr:+.

rtrmm!n lng (.11 Ind W ) dxamnles can he tv~tud

graph ic;li!y !& L!K.J render. Th; wcuracv ui ‘-he
Gr:qlhlcal -ppr,lur!l i% not axt rmmu, hwtwcr !! ,xm
!>u iaud ‘, I :!! J roil. .mum lf .iff,>rc .lnd IIoes noL re -
qulrt= arlcnmu! Lc mLLmlpula L Lun.

E:rK!;s:ll::!:

ACL220ULEDGE12!S

I wish to thank 3aan 3r~ulran of the “niversic -.’ ):
Ncw HLLxicu for his !:clp Ln developing the graph] C.I I

●pproach xnd Bill Rohson for reviewing the paper
amd discovering sever:ll auLakaa on the fir9L +J-
around, Alsu , av qraLituue co .%rcella 3ekk*r ! ,r
her ryplng dsoiscance,

REFsaENl:Es


